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ABSTRACT

This study investigated the hydrogeochemical and microbiological characteristics of freshwater on Ulleung Island, a volcanic
island in the Ulleung Basin on the East Coast of Korea. The shallow groundwater (CSW, NRGW) and the surface water (SISW)
samples are classified as Na-HCOs type, reflecting an alkaline rock type and an oxidizing environment due to the influence of
a highly permeable pyroclastic rock layer. In contrast, the deep groundwater sample (DMW) is classified as Ca-HCOs type,
suggesting the influence of deep-sourced carbon dioxide and reducing conditions. Microbial communities in the water samples
are generally dominated by Proteobacteria, with the relative abundance of major genera varying depending on water quality and
environmental conditions. Network analysis reveals the ecological characteristics of microbial communities adapted to specific
environments. The presence of pathogenic genera in the shallow groundwater suggests potential groundwater contamination,
necessitating appropriate management to ensure its use as drinking water or domestic water. The findings of this study
provide valuable insights into the ecological characteristics of Ulleung Island’s groundwater resources and can inform future
groundwater management strategies.
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Fig. 1. Sampling locations of the study area.
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Table 1. Field parameters and concentrations of major ions measured in this study.
Samples
Parameter
CSW NRGW DMW SISW
Temp. (°C)* 11.5 10.9 13.7 11.1
pH 7.8 7.7 5.6 7.6
EC (uS/cm)® 375.4 168.6 677.0 90.6
DO (mg/L)* 8.5 10.5 0.8 10.3
ORP (mV)* 214.0 108.8 68.8 204.3
Ca (mg/L) 0.97 2.92 64.80 1.64
Mg (mg/L) 0.60 1.57 19.96 091
Na (mg/L) 31.44 21.99 40.91 17.11
K (mg/L) 14.18 17.82 5.16 3.49
Fe (mg/L) 0.68 1.04 27.11 0.77
Mn (mg/L) 0.10 0.10 1.26 0.10
Si (mg/L) 15.50 19.67 42.43 12.31
F (mg/L) 0.66 0.15 0.23 0.09
Cl (mg/L) 14.77 15.03 34.11 13.18
NO; (mg/L) 3.46 10.95 0.20 1.67
SO, (mg/L) 6.74 7.94 24.27 4.01
HCO; (mg/L) 63.56 61.73 345.38 22.20
“Temperature

"Electrical conductivity
‘Dissolved oxygen
‘Oxidation-reduction potential
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Fig. 2. Piper diagram for the groundwater and surface water samples collected from study area.
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Table 2. Summary of bacterial species diversity and richness.

Samples Shmon’ S Observed Faith Pielou’s
Diversity (SD) Features (OF) PD (FD) evenness (PE)
CSW 4.50 32.0 2.65 0.900
NRGW 3.85 19.0 2.01 0.907
DMW 4.36 29.0 2.65 0.898
SISW 5.08 47.0 4.78 0915
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heatmap #4-& 43513 th(Fig. 5). AlRnfc} S-Hol= 4o
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Table 3. Relative abundance of microbial families in the CSW, NRGW, DMW, and SISW samples.

Taxonomy Relative abundance, %
Phylum Class Family CSW NRGW DMW SISW
Actinobacteriota Acidimicrobiia Ilumatobacteraceae 0.0 0.0 0.0 34
Microbacteriaceae 0.0 1.2 0.0 2.8
Micrococcaceae 1.8 0.0 0.0 0.0
Mycobacteriaceae 0.0 8.1 0.0 0.0
Propionibacteriaceae 2.8 0.0 0.0 0.0
Bacteroidota Bacteroidia Chitinophagaceae 0.0 0.0 1.4 11.6
Cytophagaceae 0.0 0.0 0.0 1.2
env.OPS 17 0.0 0.0 0.5 1.2
Flavobacteriaceae 6.7 35 59 7.2
Microscillaceae 0.4 0.0 0.0 0.8
NS11-12_marine_group 0.0 0.0 0.0 1.7
Spirosomaceae 0.0 0.0 0.0 5.5
Cyanobacteria Cyanobacteriia Chloroplast 0.0 1.9 0.0 0.0
Firmicutes Bacilli Streptococcaceae 0.0 4.5 0.4 0.0
Myxococcota Polyangia Blrii41 0.0 0.0 0.0 1.9
Sandaracinaceae 0.0 0.0 0.0 1.4
Proteobacteria Alphaproteobacteria Beijerinckiaceae 2.7 0.0 0.4 0.0
Caulobacteraceae 0.0 0.9 0.0 2.0
Rhizobiaceae 2.2 0.0 53 4.6
Rhizobiales Incertae Sedis 0.0 0.0 0.0 2.8
Sphingomonadaceae 2.7 0.0 7.0 5.5
Xanthobacteraceae 0.0 0.0 4.9 4.8
Gammaproteobacteria Aeromonadaceae 14 1.8 1.2 0.0
Comamonadaceae 0.0 0.0 0.0 13.4
Enterobacteriaceae 1.7 9.1 4.1 0.0
Gallionellaceae 5.0 0.0 15.7 0.0
Halieaceae 0.0 0.0 0.0 8.3
Moraxellaceae 11.8 10.5 1.3 1.2
Oxalobacteraceae 8.2 1.6 1.8 0.0
Pseudomonadaceae 413 36.0 335 0.0
Rhodanobacteraceae 0.0 0.0 0.0 1.1
Rhodocyclaceae 0.0 0.0 0.0 32
Sutterellaceae 0.0 0.0 0.0 3.1
Xanthomonadaceae 0.0 23 0.0 4.4
Yersiniaceae 5.8 18.6 5.7 0.0
Verrucomicrobiota Verrucomicrobiae Chthoniobacteraceae 1.3 0.0 0.0 0.0
WPS-2 WPS-2 WPS-2 1.4 0.0 1.5 0.0
Crenarchaeota Nitrososphaeria Nitrosopumilaceae 1.7 0.0 0.0 0.3
others others others 1.1 0.0 9.5 6.8
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